Site-specific insertion of spin-labeled L-amino acids in Xenopus oocytes.
Site-specific insertion of modified amino acids in proteins expressed in living cells is an emerging field holding great promise for elucidating protein structure-function relationships, expression levels, localization, and activation states in a complex milieu. To evaluate the efficiency of amino acids modified to carry either a nitroxide spin probe or a fluorescence probe, we have developed a screen using the levels of functional luciferase protein expressed in Xenopus oocytes. Natural and modified amino acids were targeted to position 14 in firefly luciferase using an amber mutation or introducing the four-codon nucleotide GGGU. Using the amber stop codon, the incorporation efficiencies of injected tRNA charged with the native phenylalanine residue, a fluorescent NBD-alanine, or nitroxide-labeled cysteine and tyrosine amino acids ranged from 1% to 18%. While the NBD-amino acid derivative gave higher incorporation levels, the EPR signals from the spin-labeled amino acids allow for the direct assessment of aminoacylation extent and stability. Applying the four-base codon for the first time in Xenopus oocytes, we found the incorporation efficiencies were significantly lowered compared to results using the three-base amber codon. The studies presented here provide quantitative assessment of protein expression levels when using nonsense suppression to site-specifically label proteins with spectroscopic probes in oocytes. Finally, the effect of a 77-base RNA aptamer known to inhibit the eucaryotic release factor of protein synthesis was tested for its influence on nonsense incorporation in Xenopus oocytes. The combination of A34 and charged suppressor tRNA produced a 3-fold increase in the expressed TAG(14)-luciferase level, compared to the use of charged suppressor tRNA alone.